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We study aspects of anti-de Sitter space in the context of the Swampland. In particular, we conjec-
ture that the near-flat limit of pure AdS belongs to the Swampland, as it is necessarily accompanied
by an infinite tower of light states. The mass of the tower is power-law in the cosmological constant,
with a power of 1
2
for the supersymmetric case. We discuss relations between this behaviour and
other Swampland conjectures such as the censorship of an unbounded number of massless fields,
and the refined de Sitter conjecture. Moreover, we propose that changes to the AdS radius have an
interpretation in terms of a generalised distance conjecture which associates a distance to variations
of all fields. In this framework, we argue that the distance to the Λ → 0 limit of AdS is infinite,
leading to the light tower of states. We also discuss implications of the conjecture for de Sitter
space.
I. INTRODUCTION
The Swampland program aims to distinguish effective
field theories that can be completed to quantum grav-
ity in the ultraviolet from those which cannot [1] (see
[2, 3] for reviews). An interesting aspect of this are con-
siderations regarding the behaviour of effective theories
with cosmological constants. String theory is particularly
useful in this regard as an explicit theory in which it is
possible to calculate the vacuum energy for many vacua,
and determine its relation to other features in the theory.
The case of a positive vacuum energy, leading to de Sit-
ter space in the effective theory, is particularly difficult to
realise in string theory, and this motivated the proposal
that it may be obstructed in quantum gravity through
a lower bound on the gradient of the potential [4]. By
contrast, anti-de Sitter (AdS) vacua are simple to realise
and there are numerous examples. Nonetheless, the best
understood of these examples exhibit certain universal
features. In this note we discuss such features and pro-
pose that they are general properties of realisations of
AdS spaces in quantum gravity.
AdS vacua in string theory come in discrete families
where the AdS radius, or equivalently the negative
cosmological constant Λ, varies. A universal feature of
well-understood families of vacua is that the Λ→ 0 limit
is accompanied by an infinite tower of states becoming
light. A simple example is the AdS5×S5 vacuum of type
IIB string theory, where sending the AdS cosmological
constant to zero also sends the volume of the S5 to
infinity, causing the tower of Kaluza-Klein modes to
become light. We propose that the behaviour of the
light tower of states is completely general and formulate
the following distance conjecture:
AdS Distance Conjecture : Consider quantum
gravity on d-dimensional AdS space with cosmological
constant Λ. There exists an infinite tower of states with
mass scale m which, as Λ→ 0, behaves (in Planck units)
as
m ∼ |Λ|α , (1)
where α is a positive order-one number.
The AdS Distance Conjecture (ADC) holds for all
known backgrounds of string or M-theory which are
understood as 10 or 11-dimensional solutions. A com-
mon aspect of the solutions is that they actually have
α = 12 . We propose that this would be the case for any
supersymmetric AdS vacua.
Strong AdS Distance Conjecture : For super-
symmetric AdS vacua α = 12 .
It has been suggested that it is not possible in quantum
gravity to induce a parametric gap in AdS between the
AdS scale and all massive states [5, 6]. This is a conse-
quence of the Strong ADC, but is generally weaker. The
Strong ADC is satisfied in string theory through Kaluza-
Klein modes, and therefore amounts to the statement
that there is no separation of scales between the AdS ra-
dius and internal extra-dimensional radius. This lack of
separation of scales was appreciated already in the early
supergravity literature, see for example [7], during the
flux compactification era, see for example [8], and stud-
ied continuously until the present, see [3] for a recent
review of these issues. It has a natural interpretation
in terms of a statement on the dual CFT: that there is
no parametrically controlled gap between the dimensions
of a finite number of operators and an infinite number.
See, for example, [6, 9] for a discussion of this in recent
2papers.1 This dual CFT argument should hold for super-
symmetric cases at least, as it was proposed in [11] that
non-supersymmetric AdS always exhibits an instability,
which suggests at least the strong ADC.
The aim of this note is to state the conjectures explic-
itly, and to study their connection to other Swampland
conjectures. In particular, we will develop connections to
the de Sitter conjecture in section II, to the distance con-
jecture in section III (this connection being responsible
for the name of the Anti-de Sitter Distance Conjecture
and will form the bulk of the note), and to the conjecture
that there is a bound on the number of massless modes in
quantum gravity in section IV. We will then discuss the
relation to known string vacua in section V, and finally
discuss the de Sitter case in section VI.
II. REFINED DE SITTER CONJECTURE
A direct connection between the Strong ADC and the
refined de Sitter conjecture [12, 13] can be noted. The re-
fined de Sitter conjecture proposes a bound on the deriva-
tives of the potential
|∇V | ≥ cV , (2)
or
min (∇i∇jV ) ≤ −c′V . (3)
With c and c′ positive order one constants. We pro-
pose that condition (2) may be naturally promoted to
the stronger statement
|∇V |2 ≥ c2V 2 . (4)
In that case a minimum in AdS space would require sat-
isfying the second condition (3). As was already noted
in [6], that implies that the mass of the lightest state is
bounded from above by |c′Λ| 12 . Such bounds on the mass
of a state are familiar from statements such as the Weak
Gravity Conjecture [14]. It has been proposed a number
of times that in fact the WGC bounds should be satisfied
by an infinite tower of states [15–20]. The ADC is then
naturally a tower version of the (slightly adjusted) de Sit-
ter conjecture applied to AdS space. This perspective on
the ADC also suggests that for general AdS vacua, not
only supersymmetric, α ≥ 12 . Implying the tower mass
scale m ∼ |Λ|α ≤ |Λ| 12 as Λ→ 0.
III. DISTANCE CONJECTURE
The ADC refers to an infinite tower of states which
become massless. Such a tower is familiar from other
1 Moreover it can be shown that attempts to shrink the internal
spaces such as S5 or S7 by quotienting by a large discrete group,
will not eliminate the light KK modes [10].
Swampland criteria, see the review [3]. In particular, the
distance conjecture [21] states that such an infinite tower
of states appears at infinite distances in scalar moduli
space. We consider a theory with gravity and massless
(or light) real scalar fields φi, which have a field-space
metric pij(φ) such that their kinetic term in the Einstein
frame is
Lkin = −pij(φ)∂φi∂φj . (5)
Then we consider a geodesic path γ in field space, which
we can choose to parametrise by τ ranging from an initial
τi to a final τf , so that the proper distance ∆φ along the
path is
∆φ =
∫ τf
τi
(
pij
∂φi
∂τ
∂φj
∂τ
) 1
2
dτ . (6)
Then the conjecture states that there must be an infinite
tower of states with mass scale m (τ) such that
m (τf ) ∼ m (τi) e−α∆φ . (7)
Here, α is conjectured to always be an O(1) positive pa-
rameter (see [16, 22] for discussion of this aspect), and
(7) is expected to hold for ∆φ > O(1) in Planck units
becoming sharper as ∆φ → ∞. The distance conjecture
has been proposed to hold even for fields with a poten-
tial [16, 22], and has been significantly tested in string
theory, see for example [16, 20, 22–48].2
The distance conjecture is capturing bounds on how
much scalar fields can change in effective theories com-
ing from string theory. However, given that often (but
not always) the ultraviolet origin of scalar fields is in
variations of metric and anti-symmetric gauge fields in
the internal space, it is natural to ask how the distance
conjecture can be more generally formulated to apply to
all fields. In particular, we look for a formulation so
that that the scalar field distance conjecture (7) would
be a consequence of a Generalized Distance Conjecture
applied to all fields.
Any dynamical field has a natural metric on its varia-
tions induced by its kinetic terms. So given a field with
n spacetime indices, OM1...Mn , we can write its kinetic
term as
Lkin = −GM1...MnN1...NnDOM1...MnDON1...Nn , (8)
where D is some differential operator. G is then a metric
on the field space of O. We can then associate a distance
in the field space ∆O as
∆O =
∫ τf
τi
(
G
∂O
∂τ
∂O
∂τ
) 1
2
dτ . (9)
2 There is also a proposal that it is a consequence of the emergent
nature of scalar fields in quantum gravity [3, 12, 20, 49].
3To make sense out of this distance, we have to explain
what we do when the vacuum expectation values of fields
O depend on the spacetime coordinates, as in general
would be the case for the internal dimensions. Naively
one would be led to simply integrate over the space. How-
ever, taking the original case of scalar fields and integrat-
ing over spacetime leads to infinity. Instead we can view
this as the average value of the variation over the space-
time, in which case the volume of space time cancels out.
In other words we replace (9) by
∆O =
∫ τf
τi
(
〈G∂O
∂τ
∂O
∂τ
〉
) 1
2
dτ , (10)
where
〈G∂O
∂τ
∂O
∂τ
〉 = 1
VM
∫
M
G
∂O
∂τ
∂O
∂τ
,
with M is the spacetime manifold, with volume VM . If
we imagine M = S × Y where Y is the compact internal
space (which could be empty) and S is the homogeneous
Einstein space (Minkowski, AdS or dS), this leads using
the homogeneity to
〈G∂O
∂τ
∂O
∂τ
〉 = 1
VY
∫
Y
G
∂O
∂τ
∂O
∂τ
If the scalar field kinetic terms come from variations of
the internal fields, such as metric and gauge fields, this is
exactly how we would compute the metric on the scalar
field space, upon compactifying the theory on Y . Note
that dividing by 1/VY has the effect of going to the Ein-
stein frame, because the kinetic term for the scalars and
the Einstein term scale the same way under Weyl rescal-
ings and the Einstein term has an extra factor of VY
which needs to be gotten rid of by Weyl rescaling.
In fact, this is not quite general. Going to the Ein-
stein frame only amounts to dividing by the volume in
the case where the variations do not modify the volume
VM . When they do modify it there is also a correc-
tion to the kinetic terms coming from the transforma-
tion. More precisely, if we consider a compactification of
type M = Sd × Yk, where the subscripts denote the real
dimensions of the external and internal spaces, then the
Einstein frame on Sd leads to the kinetic terms for the
volume variation of Yk, which take the form
− k2
[
(d− 1)
(d− 2) −
(k − 1)
k
]
(∂τ)
2
, (11)
where we parameterised the volume of Yk as (VY )
1
k = eτ .
We therefore can decompose the possible field variations
to those which preserve the volume, and the volume itself,
the latter having a metric on its variations (11). This
is true for volume variations of Yk, we can also consider
volume variations of Sd, and we will discuss this in section
III B.
Note that if there are many different types of fields O(i)
which vary with some parameter of the possible solutions
to the equations of motion, then the distance is the total
distances for all the fields. Let us state this prescrip-
tion explicitly. We consider a family of (static) solutions
to the equations of motion, not necessarily degenerate
in energy, specified by a parameter τ . We then promote
this parameter to have some weak external spacetime de-
pendence, time only is sufficient, and extract the kinetic
terms of that parameter −K (τ) (∂τ)2. These will receive
contribution from all the fields which vary with τ , so
K (τ) =
∑
i
〈G(i)
∂O(i)
∂τ
∂O(i)
∂τ
〉 . (12)
The total distance is then
∆ =
∫ τf
τi
√
|K|dτ . (13)
We are now ready to state the generalized distance
conjecture: Consider the non-compact space to be an
Einstein space, i.e. AdS, Minkowski, or dS (if it exists).
Then for large distance variation in fields, we get a light
tower of states in the Einstein frame of the external ef-
fective field theory, whose mass scale in Planck units is
given by
m ∼ e−α∆ , (14)
where α ∼ O(1).
A. Example: transverse traceless metric variations
An interesting application of the generalised distance
conjecture is to the metric, so utilising a notion of dis-
tance in the space of metrics. The procedure outlined in
section III suggests to read off the metric on the space
through the kinetic terms. We consider expanding the
metric as a perturbation about an arbitrary background
g0MN
gMN = g
0
MN + δgMN . (15)
We first restrict to the case of transverse and traceless
variations
∇MδgMN = 0 , δgMM = 0 . (16)
Then the kinetic terms, coming from the expansion of the
Ricci scalar, yield the expression for the metric on the
field space of such metric deformations. If we consider
an arbitrary path, labelled with parameter τ , through
transverse-traceless metric space, then the associated dis-
tance is
∆ = c
∫ τf
τi
(
1
VM
∫
M
√
ggMNgOP
∂gMO
∂τ
∂gNP
∂τ
) 1
2
dτ ,
(17)
where c ∼ O(1) is a constant depending on the dimen-
sion of M . This is a well-known notion of distance in
4metric spaces, see for example [50], and has also been
studied from a pure mathematics perspective, including
the notion of geodesics on the space, see for example [51].
If we apply the general formula (17) to the case of
a Calabi-Yau compactification M = Mink4 × CY6, for
metric variations that are zero modes, then it reduces to
nothing but the scalar distance (6) on the moduli spaces
[52].
B. External Weyl rescalings
We are particularly interested in distances in metric
space associated to variations of the external metric that
are Weyl rescalings. Extracting this distance is subtle
because it is not clear how to implement the analogue
of the Einstein frame condition when the external space
volume is itself changing.
On the one hand, up to order one factors, the metric
on such variations is simple to determine since we already
extracted it in the external Weyl transformation contri-
bution of the first term in (11).3 So we strongly expect
that under an external Weyl variation of the external
space
g˜µν = e
2τgµν , (18)
the canonically normalised field for measuring the dis-
tance is, up to order one constants, τ .
On the other hand, it is not clear to us how to ex-
actly determine the factor, and sign, of the distance con-
tribution. One natural suggestion is to perform a type
of dimensional regularisation by adding a fictitious d′-
dimensional external space, go to the Einstein frame of
that space, and then send d′ → 0. This would yield a
kinetic term for the external τ which is given by replac-
ing k → d and d → 0 in (11). This leads to a negative
contribution to the distance going as
K(τ) = −d2
[
(d− 1)
d
− 1
2
]
. (19)
Another possibility is to perform the external Weyl
rescaling, extract the induced kinetic term, and then drop
the overall prefactor. This would lead again to a negative
distance contribution of K(τ) = − (d− 2) (d− 1).
It is not completely clear what to make of the negative
distance contribution. We propose that the negative dis-
tance contribution of the external Weyl factor is physical,
and its negative sign is also meaningful. However, it will
only be one negative contribution to a total variation of
all the fields along a path which solves the equations of
motion, as in (12). We propose that the total distance
will then always be positive.
3 Another example which is purely four-dimensional is R+R2, or
also pure R2, gravity which propagates a physical scalar field
whose kinetic terms come purely from the external Weyl trans-
formation.
C. Application to AdS
We now apply the generalised distance conjecture, de-
veloped in the previous section, to AdS vacua. In global
coordinates the AdSd metric takes the form
ds2 = e2τ
(
− (cosh ρ)2 dt2 + dρ2 + (sinh ρ)2 dΩ2d−2
)
.
(20)
With the radius being related to the cosmological con-
stant as
Λ = −1
2
(d− 1) (d− 2) e−2τ . (21)
We consider a family of AdS vacua parametrised by a
variation of the cosmological constant from Λi to Λf .
In string theory, such a family of vacua would be sepa-
rated by a distance in field space as defined by the gen-
eralised distance conjecture. Irrespective of the details of
the variations of all the fields, we can extract a univer-
sal contribution to the distance from the variation of the
external AdS metric. As discussed in section III B, we
are not certain of the exact factor for this distance, but
in the natural case it yields a contribution K(τ) which is
negative and order one. So the total distance takes the
form
∆ = −1
2
∫ Λf
Λi
∣∣K(τ) +K ′∣∣ 12 d log Λ . (22)
HereK ′ denotes the contribution to the distance from the
variation of all the fields other than the external metric.
The contribution from any fields which have positive ki-
netic terms will always be positive, and so we expect in
general K ′ > 0.
We now propose that the contribution from the other
fields K ′, will be at least as large as that of the external
metric, to make the factor inside the bracket positive.4
Further, we propose that the resulting total contribution
will still be of order the external metric contribution, so
∣∣K(τ) +K ′∣∣ 12 ∼ O(1) . (23)
This proposal can then be combined with the generalised
distance conjecture (14) to predict that there must be an
infinite tower of states whose mass scale behaves as
m (Λf ) ∼ m (Λi)
(
Λf
Λi
)α
, (24)
with α ∼ O(1). We can consider the initial value of Λi
to be near the Planck scale, and similarly for the mass
scale m (Λi). This then gives
m (Λ) ∼Mp
(
Λ
M2p
)α
, (25)
4 Note that the variation of other fields will therefore also be at
infinite distance. In the case of such variations of fluxes, it is
natural to expect that (d− 2) branes will be relevant objects.
5which, in Planck units, is the AdS Distance Conjecture
(1).
It is important to emphasise that our proposal, or as-
sumption, that there is no fine tuned cancellation be-
tween the infinite negative and positive contributions in
(23), translates in the ADC to the α ∼ O (1) proposal.
It would be good to test how small α could be made in
string theory examples to make this aspect sharper.
IV. BOUNDED MASSLESS MATTER
When the tower of light states of the strong AdS dis-
tance conjecture are Kaluza-Klein states, it amounts to
the statement of the absence of separation of scales be-
tween the external and internal spaces. This may be
related to another Swampland conjecture which is that
there should not be an unbounded number of spacetime
massless states in quantum gravity [1] (see also [53, 54]).
This, at first, appears to be violated in AdS examples.
More precisely, string theory on backgrounds which in-
clude an AdSd factor permit an unbounded number of
massless fields which propagate completely in the AdSd.
An example of this is M-theory on AdS7 × S4/Zk. This
has been extensively studied, see for example [55–63] and
is dual to N = (1, 0) superconformal theory of M5 branes
probingAk−1 singularity. This theory has SU(k)×SU(k)
global symmetry and so its gravity dual should have
SU(k) × SU(k) gauge symmetry. Indeed the Zk orb-
ifolding induces two Ak−1 singularities at each pole of
S4. We then obtain two SU(k) gauge symmetries, and
are free to take k →∞ to obtain an unbounded number
of massless modes propagating in AdS7.
However, this is actually compatible with a bound on
spacetime massless matter because in the absence of sep-
aration of scales we should view the S4 as part of the
space because it cannot be made parametrically small
compared to AdS7 radius. The massless matter is not
actually propagating in the full spacetime. There is no
sense in which this is an AdS7 spacetime, and so the
massless matter is localised on a codimension 4 defect
in a higher dimensional spacetime. There is no expecta-
tion that an infinite number of massless modes living on
a defect is not allowed in quantum gravity. The infinite
number of massless fields may therefore be an example
of quantum gravity censoring a limit AdSd → Minkd.
Rather, it suggests that one must always have a limit such
as AdSd × Yp → Minkd+p, where Yp is a p-dimensional
internal space. Or in other words, there is no nearly-flat
pure AdS space in quantum gravity, only spaces which
contain an AdS factor.
V. THE ADC IN STRING THEORY
As mentioned previously, to our knowledge, the ADC
and its strong version are satisfied in any known vac-
uum of string theory for which we have a well-understood
higher-dimensional solution. There are some general re-
sults regarding this.5 In [5] it was argued that separation
of scales is not possible in pure supergravity settings, and
in string theory settings should be possible only if there
are non-vanishing spatial gradients for scalar fields in the
internal manifold. This matches well known results in
type IIA compactifications where the Calabi-Yau com-
pactification admits a separation of scales [65], but is not
an exact solution due to localised sources. Backreact-
ing these sources must induce, at least, spatial gradients
such as warp factors and dilaton gradients. The key open
question in this setting is whether the fully backreacted
solution still allows for separation of scales. This may be
connected to the existence of a consistent truncation to
a finite number of fields, since such truncations are typi-
cally associated to some coset structure on the manifold,
and it is well known that gradients for scalar fields are in-
compatible with a coset structure (see, for example, [66]
for a discussion of this). Indeed, in [67] it was mentioned
that in general there is no separation of scales in con-
sistent truncations, and was also conjectured that all su-
persymmetric AdS supergravity vacua admit a consistent
truncation. A connection between separation of scales,
and the absence of a consistent truncation, would imply
that finding fully controlled solution of string theory ex-
hibiting parametric separation of scales, if they exist, will
be a difficult task at best.6
If we consider proposals for string vacua which do not
yet have a well understood uplift to a higher dimensional
supergravity solution, so which utilise intrinsically four-
dimensional arguments, then one may violate the conjec-
tures. More precisely, consider three of the leading sce-
narios, that is the Kachru-Kallosh-Linde-Trivedi (KKLT)
scenario [70], the Large Volume Scenario (LVS) in type
IIB string theory [71], and the type IIA Calabi-Yau sce-
narios (DGKT) [65].7 8 Then the LVS scenario satisfies
both the weak and strong versions of the AdS distance
conjectures, the latter due to not being supersymmetric.
The type IIA DGKT scenarios satisfy the weaker con-
jecture (1), but violate the strong version. The KKLT
scenario does not explicitly satisfy either of the conjec-
tures, but may do so implicitly. By this we mean that
assuming the KKLT constant W0 can be tuned arbitrar-
ily small by fluxes, the Kaluza-Klein towers associated
to four-cycles would only scale logarithmically with the
5 Note that in [64] a holographic argument for no separation of
scales was presented.
6 This is also related to the result in [68] that geometric compact-
ifications of string theory to supersymmetric Minkowski vacua
with no massless fields are not possible. It was argued in [69]
that it may be possible for non-geometric compactifications, but
it is unclear if these are under sufficient control to be trustable.
7 There are also type IIA realisations of the LVS scenario [72],
which behave with respect to the conjectures in this paper the
same as the type IIB LVS.
8 It would be interesting to extend tests to very general classes
of lower-dimensional supergravity vacua, for an analysis of such
AdS vacua see for example [73, 74].
6resulting cosmological constant m−1tKK ∼ − log |Λ|. How-
ever, it may still be that (1) is satisfied by a different
tower of states, in particular there are towers whose mass
scale is controlled by the dilaton and by the complex-
structure moduli.9 Whether such towers satisfy (1) or
not depends on doing explicit calculations of the values
of the complex-structure moduli in vacua leading to very
small W0. So if KKLT is compatible with (1), then it
is implicitly so, either through light towers of states, or
through a bound on how small W0 can actually be made
in string theory.
Another relevant point is that in the case of moduli
spaces the different vacua points are connected by a con-
tinuous set of vacua. This is not the case for AdS vacua
in string theory. Nonetheless, we expect that the notion
of the distance should not depend on the existence of
such interpolating vacua. The Weak Gravity Conjecture
provides a useful analogy: the tower of states at gMp
does not depend on the existence of vacua continuously
connecting the different values of the gauge coupling g.
VI. IMPLICATIONS FOR DE SITTER
In sections III and III C we introduced the generalised
distance conjecture and showed that in this context the
Λ → 0 limit of AdS space is at infinite distance. In
fact, the same analysis applies equally to de Sitter space
for a positive Λ, so we expect a tower of states at mass
scale m ∼ Λα. In this picture we therefore have three
branches, AdS, Minkowski, and dS, which are separated
by infinite distance in metric space.10 This would sug-
gest that there is no effective field theory with a finite
number of fields which can have families of vacua inter-
polating from one branch to the other. So passing or
approaching Λ = 0 will lead to an unbounded number of
massless modes. In particular, this means that if we have
a theory holographically dual to AdS, then it is not pos-
sible to describe a dS vacuum as a state in that theory.11
This observation shows that the generalized distance con-
jecture lends further support to the dS swampland con-
jecture, suggesting that meta-stable dS vacua indeed do
not exist.
There is also an interesting insight into the value of α
in the de Sitter case. The towers of states which appear in
string theory typically involve particles with spin greater
than or equal to 2. For example, Kaluza-Klein towers
will always have massive graviton modes. It is known
9 Such towers may also be realised by KK or string modes in in-
duced long throats near conifold loci, for example as discussed
in [43, 75].
10 This is in analogy to having a particle with negative, zero, or
positive charge, such that these branches are separated by infi-
nite distance in the field space of fields which control the gauge
coupling.
11 For studies in this direction see for example [76].
that in de Sitter space, or in sufficiently quasi-de Sitter
space, there is a bound on the mass of a particle with
spin 2 or higher relative to the cosmological constant.
The Higuchi bound states [77]
mSpin≥2 & Λ
1
2 . (26)
This implies that for Λ≪ 1 we must have α ≤ 12 . It is in-
teresting that the dS case suggests the opposite direction
bound to the AdS case discussed in section II.
Note that such a change in the bound is unusual for
Swampland conjectures, which usually appear at the
quadratic level and are not sensitive to sign changes.
Given this, it is also interesting to consider the possi-
bility that α ≥ 12 could be universal to both dS and AdS
spaces. If that is so, then it would imply that the late-
time acceleration of our universe must depart sufficiently
from de Sitter so as to modify the Higuchi bound suffi-
ciently to be compatible with a lower bound on α.
For our universe, if the dS conjecture in [4, 12] were
false, and moreover if we live in a dS space with a small
cosmological constant, then our proposal predicts a light
tower of states
m ∼ 10−120αMp . (27)
Since the states need only couple gravitationally to the
Standard Model, it is natural to expect that the observa-
tional bounds on the tower are similar to those of long-
range modifications of gravity m & 10−30eV , implying
α < 12 . However, we have not performed a detailed anal-
ysis, and the fact that it is a tower of states rather than a
single scalar field can have interesting cosmological con-
sequences. It is interesting that this is relating the small-
ness of the cosmological constant with a hierarchic light-
ness of a tower of states which could be part of the visible
or dark sector.
A similar conclusion, that a tower of states may be-
come light in our cosmology, has already been suggested
in the context of the dS swampland conjecture as a
consequence of quintessence field rolling a large distance
[78]. Assuming this tower is in the dark sector it leads
to an interesting phenomenology [79]. Our results
therefore suggest that regardless of whether we assume
the validity of the dS swampland conjecture, we are led
to expect a tower of light states in the current universe!
It is interesting to note that this possibly relates the
hierarchy problem with the smallness of dark energy in
our universe.
Comment: While this note was in final prepara-
tion, [80] appeared which has some overlap with this
topic.
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